Abstract HIV prevention is increasingly focused on antiretroviral treatment of infected or uninfected persons. However, barrier methods like male condoms (MC) and female condoms (FC) remain necessary to achieve broad reductions in HIV and other sexually transmitted infections (STI). Evidence grows suggesting that removal of basic obstacles could result in greater FC use and reduced unprotected sex in the general population. We conducted four annual cross-sectional surveys (2009)(2010)(2011)(2012) of urban residents (N = 1614) in low-income neighborhoods of a northeastern U.S. city where prevalence of HIV and other STIs is high. Findings indicate slow FC uptake but also heterosexual men's willingness to use them. Factors associated with men's and women's FC use included positive FC attitudes, network exposure, and peer influences and norms. These results suggest that men can be supporters of FC, and reinforce the need for targeted efforts to increase FC use in both men and women for HIV/STI prevention.
Introduction
Public health attention to HIV is increasingly focused on antiretroviral treatment (ART) for prevention of new infections, either by treating people with HIV to reduce their infectivity rate [1, 2] or by providing ART to uninfected atrisk individuals as a pre-exposure prophylactic (PrEP) [3] [4] [5] . However, ART drugs are disease specific and do not address the other ongoing and growing sexually transmitted infection (STI) epidemics in the U.S. and globally that are both independent of and comingled with the HIV epidemic. Further, for many reasons, including unwillingness to use ART for prevention, insufficient adherence to achieve effective treatment or prevention, or limited access to these expensive drugs, barrier methods such as male condoms (MC) and female condoms (FC) remain necessary and important prevention components to achieve broad reaching reductions in new HIV and other STIs [6, 7] . The FC is as effective as MC in preventing both HIV and STIs [8] and has been available for sale or distribution for over two decades [6, 9] . However, the FC has had very narrow promotion resulting in extremely limited availability for anyone who might either benefit from it or prefer it to MC. One of the primary documented barriers to increased FC promotion and availability is the negative attitudes of providers, who might otherwise support its greater adoption in the high-risk and general populations, but who are skeptical of its potential uptake given challenges for first-time users, its awkward looks, its higher cost than MC, and providers' own disbelief that it might become popular or that it can contribute substantially to public health [10] [11] [12] .
Despite provider skepticism, evidence continues to grow suggesting that removal of some of the basic obstacles to FC use, such as lack of awareness of it, access to it, and knowledge of its proper insertion, could result in greater initial trial and adoption of FC, along with a concurrent decrease in unprotected sex. Our own and other studies of FC use and adoption in the U.S. provide strong evidence of the willingness of heterosexual women to initiate it with minimal education and demonstration of proper insertion, use and disposal, and also indicate interest by their male partners to try it [13] [14] [15] [16] [17] [18] . Further, studies have demonstrated the value of FC promotion to heterosexual couples, whether or not one partner is HIV infected, which suggests that FC has significant potential for uptake in the general population [19] [20] [21] . Such an outcome could lead to the kind of ''normalization'' of FC that characterizes MC, even if the former never achieves the popularity of the latter. Such efforts could greatly impact the ongoing STI and HIV epidemics in the U.S., particularly in urban centers, where these epidemics are concentrated.
We conducted a study of community-level factors affecting FC use and adoption by the general heterosexual population in low-income neighborhoods of a northeastern U.S. city. This was part of a larger community engagement study to develop indigenous multilevel interventions to expand availability of FC and promote its increased uptake [12] . This paper presents a comparison of women's and men's pre-intervention exposure to, attitudes toward, and use of FC along with MC and their other efforts to prevent HIV or STI. Data presented here are derived from a multiyear, cross-sectional survey of city residents' demographic, risk/prevention behavior, and health characteristics. The purpose of the four annual surveys reported here was to examine community trends in FC use and factors associated with it, which could also be used as multiple baselines for subsequent assessment of a community-level intervention planned for later implementation.
Methods Study Design and Theoretical Framework
We used a prospective case study design in a single northeast U.S. city with high HIV prevalence to develop and pilot multilevel interventions designed to increase community availability, accessibility, support for, and use of FC [12] . As part of the study, we conducted a multi-year examination of the community context affecting FC use prior to implementing the multilevel interventions. To do so, we used longitudinal, mixed methods to examine factors expected to be associated with FC availability, extant use, and potential for its expanded promotion and adoption in the general population. This included mixed methods ethnography [22] of the community intervention development process as well as repeated community assessments of FC availability in provider organizations and of FC attitudes and use in the residential population of the city. Annual cross-sectional surveys of a sample of urban residents primarily from low-income, high HIV prevalence neighborhoods constituted an assessment over time of preintervention FC use in the city. Figure 1 illustrates the theorized relationships among key factors that guided our analysis of FC use in the sample population. This model was informed by our prior research on associations in high-risk urban U.S. women among personal (demographic, health status/history, risk behavior and perception, prevention knowledge and attitudes), sex partner-related (relationship number, types and characteristics, abuse history), and peer (perceived influence and norms, network exposure) inputs on FC cognitive factors (knowledge, attitudes) and initial and continued FC use [14] . Though the model was developed and tested with women, we hypothesized the same theoretical relationships among co-factors and first-and second-level outcomes for both men and women in this study.
Recruitment and Survey Interview Methods
In each of four consecutive years (2009) (2010) (2011) (2012) prior to intervention implementation, we conducted cross-sectional surveys of a sample of approximately 400 men and women living in the city. Eligibility criteria included being a city resident, being 16 or older, and self-reported having had sex with a person of the opposite sex in the prior month. To generate the sample, we used respondent driven sampling (RDS) [23] , a commonly used method for conducting HIV assessments in high-risk and/or hidden populations [24, 25] . We began each annual survey cycle by identifying 8-10 recruitment ''seeds,'' seeking equal numbers of men and women volunteers representing different ethnic groups and age groups distributed across the city's predominantly low-income neighborhoods. These were also the neighborhoods with the highest rates of STI and HIV infections. After each ''seed'' completed the survey, she/he was provided three coupons with her/his ID number on it and asked to recruit three other people who were city residents over the age of 16, without restriction on neighborhood of residence. Because our prior experience with RDS indicated the tendency of both men and women to recruit men, we required that each person use at least one of their coupons to recruit a woman in order to maintain gender balance in the sample. Any person who came in for a survey with one of the project coupons was screened for eligibility and voluntariness, surveyed if eligible, and also provided three coupons to recruit others after completing their own survey. Recruitment continued in this manner until the target annual sample size of 400 was reached. Recruitment chains and number of tiers away from the seeds were tracked using social network visualization software Netdraw [26] .
All surveys were conducted in private offices in our community research institute, which is centrally located in the city. Trained interviewers used computer assisted interviews (CASI) to conduct the face-to-face survey. Proof of age was required for eligibility. Identifying information (names, date of birth, residence) were collected separately and used to confirm eligibility, to track repeat participation in subsequent cycles of data collection (which was allowed), and to prevent repeat participation in any given cycle (even if the candidate came in with a different person's coupon). All participants received $30 for completing the 1-h survey. Anyone who successfully referred an eligible person into the study received $10 for that referral. Surveys were conducted in English or Spanish at the request of the participant. Written informed consent was gained before initiating the survey. All recruitment and data collection protocols received full review by the Institute for Community Research Institutional Review Board.
Survey Content and Measures
The survey measured several domains anticipated to be potential cofactors in FC use (Fig. 1) said anything positive or negative to you about FC). Perceived relationship power with one's primary partner was measured using a 15-item scale [27] , including questions about who has control over decisions, actions, etc. in the relationship (range 1-4; a = 0.81 for men; a = 0.88 for women; a = 0.86 total sample). We also measured first-level (cognitive) and secondlevel (behavioral) FC outcomes (Fig. 1) . Cognitive factors included FC knowledge, measured as the proportion correct of six true/false statements about FC (range 0-1), and FC attitudes, measured using a 24-item scale [28] of responses to perceived FC characteristics (range 1-4, negative items recoded so higher score is more positive attitudes; a = 0.71 for men; a = 0.61 for women; a = 0.67 total sample). We measured self-efficacy to use the FC with each type of sex partner as the mean of six items (e.g., ''How sure are you that you could talk to a […] partner about using FC for vaginal sex'' and ''If you only had FC available, how sure are you that you could refuse vaginal sex with a […] partner who refused to use it''; range 1-4; a = 0.75 for primary partner; a = 0.77 for casual partner; a = 0.87 for paying partner). Locus of control for STI prevention had three items: Internal: ''If I take care of myself, I can keep from getting a STI,'' Partner: ''My partner controls my ability to protect myself against a STI,'' and Fate: ''If it is meant to be, I will get a STI'' (range 1-4). We also asked reasons for not having used FC and MC over the past 30 days with different partner types, and prevention efforts they had taken to protect themselves from HIV/STI infection.
FC use was measured in several ways, including: ever having used FC (yes/no; yes was used as a marker for initial use), lifetime number of times used FC (never, once, 2-4 times, 5-10 times, [10 times), used FC in the prior 30 days (yes/no), and stage of FC use (never thought about it; thought about or got it but didn't use it; tried FC but decided not to use it again; use FC occasionally; use FC as regular or primary prevention option). For correlational analyses of factors associated with FC use, we defined ''FC users'' as those who had used it in the prior 30 days (57 women's reports; 57 men's reports) or who had used it at least 5 times in their lifetime (66 women's reports; 48 men's reports). The number 5 was chosen because it indicates the person has overcome initial barriers to insertion and may consider the FC a manageable option for HIV/STI and/or pregnancy prevention [16] .
Statistical Methods
To conduct analysis for this paper, we combined the samples from all four annual cycles into a single database. We kept all respondents from each year, even those who had participated in previous annual surveys (216 participants attended at least two cycles, totaling 486 of the 1614 observations). Generalized estimating equation (GEE) was used to address the problem of non-independence resulting from repeated measures. We examined whether there were any significant differences in percent of FC-users in each year by including time in the model predicting FC-users and did not find any significant differences. Descriptive statistics were conducted with women and men. We tested differences for significance using Chi square tests for categorical variables and Wilcoxon rank sum test for continuous or ordinal variables. GEE models with a logit link function were used to determine (1): what factors are associated with FC use, and (2) whether FC use is associated with reduced overall unprotected sex.
The following steps were used to build the final model for an adjusted GEE analysis of both FC use and unprotected sex. First, we conducted a series of unadjusted GEE analyses to identify the variables to include in the initial model building process. Variables with a p value below 0.25 in the unadjusted analyses were included in this process. Second, we used a manual backward selection procedure to sequentially eliminate the covariates that did not remain significant. The significance level was defined as p \ 0.05. SAS software (version 9.1, SAS Institute Inc., Cary, NC) was used for the analysis. Although methods have been developed to weight RDS data for analysis [23, 25, 29] , we decided not to weight our sample. Available RDS weights are for the purpose of population inferences of prevalence, which is not the primary purpose of this paper. Also, use of weights in logistic regression can be problematic and remains an ongoing discussion among statisticians [30] . The general consensus is to avoid use of weights as it could inflate the variance of the estimates of the log odds.
Results
The combined four-cycle sample included 1614 records. Table 1 indicates the demographic and risk characteristics of the full sample and comparisons by gender.
Gender Differences in FC Knowledge, Attitudes, and Peer Influences and Perceived HIV Risk Table 2 Both genders reported high belief in their own ability to and were more likely ever to have used it (35.6 % of women vs. 27.3 % of men, p \ 0.001) (Table 3 ). However, of those who had ever used FC, more men than women reported having used it in the prior 30 days (27.4 % of men vs. 18.8 % of women who had ever used FC, p \ 0.05).
Women indicated significantly more lifetime use of FC than men (p \ 0.01), including 7.8 % of women and 6.3 % of men who reported having used FC five or more times ever. Perceived stage of use was also significantly different by gender (p \ 0.001), with more men never having used or thought about using it, more women having thought about but rejected it, and more women using it as a primary prevention method. Only 2-3 % of men and women reported that they had tried FC and then decided not to use it again. Table 4 indicates that men were statistically significantly more likely than women to report not having used FC in the prior 6 months because they had never heard of it (12.6 % of men vs. 7.9 % of women, p \ 0.01) or their partner said no to it (6.3 % of men vs. 2.5 % of women, p \ 0.01). Women's responses reflected more experience with using FC; they were more likely than men to report not having used it in the past 6 months because they were not able to insert it properly (2.8 % of women vs. 0.9 % of men, p \ 0.05), it is too expensive (3.1 vs. 0.7 %, p \ 0.01), they had a bad experience with it (3.6 vs. 1.5 %, p \ 0.05), no one had shown them how to use it (12.5 vs.
6.1 %, p \ 0.001), or they generally disliked it (17.4 vs. 9.1 %, p \ 0.001). However relatively few (\10 %) of either gender perceived most of these reasons as barriers to FC use. Slightly more than half of both men and women reported not using FC simply because they did not see any reason to use it. Only about 5 % of men and women said they didn't want to ask or talk to their partner about using it. We also asked reasons for not using MC with primary and casual partners in the prior 30 days (not shown in the table). Nearly one-third of both men and women indicated they either did not want to use MC or they had used one every time they had sex during that period. Only a small percent of both genders said their primary partner refused to use MC (range 3-5 %) or their casual partners refused it (range 1-4 %). Also less than 2 % said they were not comfortable asking their primary or casual partners to use MC as a reason for not using them in the prior 30 days. When asked what other efforts they were making to prevent exposure to HIV/STI, responses varied somewhat by gender. More women than men (53.4 vs. 48.1 %, p = 0.04) indicated they had only one sex partner to prevent HIV exposure, while more men than women indicated they reduced the number of sex partners (8.3 vs. 3.5 %, p \ 0.001) or selected partners more carefully (12.7 vs. 5.8 %, p \ 0.001).
Correlates of Factors Associated with FC Use and Overall Unprotected Sex
Unadjusted and adjusted GEE conducted separately with the women and men indicated several factors were associated, alone or in combination, with being a FC user (Table 5) Similar analyses were conducted to identify factors associated with inconsistent protected sex, meaning having had any sex without a male or female condom in the prior 30 days (Table 6 ). We particularly wanted to examine whether FC use might contribute to reducing unprotected sex. In our sample, 566 participants (297 women and 269 men) reported consistent condom use during all sexual encounters in the prior 30 days, and the remaining 986 (including 530 women and 456 men) were inconsistent condom users. Among women, the odds of being an inconsistent condom user (95 % CI) decreased with age 
Discussion
Several demographic and risk characteristics known to be associated with or mitigated by FC use [13, 14, [31] [32] [33] were evident among women and men in this sample. Of greatest note were prior experiences of sexual or physical abuse (more among women), being homeless or injecting drug users (more men), having STI symptoms (more women), and having multiple or casual sex partners (more men), as well as anyone with HIV (about 9 % of both men and women). Having FC available for incorporation into routine prevention efforts is especially beneficial for these participants at highest risk and could potentially reduce the overall number of men and women who had any unprotected sex in the prior month (about 60 % of both genders).
Importantly, perceived risk of contracting HIV was relatively low among both men and women in the sample (about 15 % felt somewhat or very at risk). This contrasted with their self-reported high rates of sexual risk behaviors and history of STI as well as the high HIV and STI prevalence rates in the city. This may partly explain the overall rates of reported unprotected sex. However, high perceived HIV risk increased the odds of reporting unprotected sex in the prior 30 days, though this unexpected reversal may be explained if having had unprotected sex leads to higher perceived HIV risk. FC use to supplement MC use or to reduce unprotected sex was strikingly low, given this context. Only 32 % of women and 26 % of men reported ever having used FC, and most reported never having thought about using it. Though recent MC use was clearly higher than FC use (about 60 % of the sample had used MC in the prior 30 days), greater awareness of community-level and personal risk of exposure to HIV and other STI might provide impetus to increase use of all barrier methods for greater protection of self and partners. Nearly all cognitive and attitudinal factors associated with FC use indicated women's greater awareness of FC and readiness to use them than men's. Women are more exposed to FC information, free samples of FC, and encouragement to try to use them than are men. This partially explains men's lesser FC knowledge, poorer attitudes toward it, less peer influence to use FC or network exposure to it, and ultimately, less use of it [13, 14, 34] . Especially important is shared information about FC within personal networks, which may explain the greater likelihood that women had at least tried FC even if they had heard some negative things about it [18] . If information in the network were increased among men, more of them might make initial efforts to use the device [35] . Men's lower reported sense of power in primary relationships is not explained by our data, but may partly explain men's lower perceived efficacy to use FC with primary partners [36, 37] . However, despite these disadvantages for men in terms of awareness and capacity to use FC, men were more likely than women to report prior 30 day use. This suggests potential to build on the recent experiences of those who have tried it [35, 38] and to expand efforts to encourage more men's initial use of it. The likelihood for increasing FC use at men's initiation is also suggested by the similar rates by gender of occasional use and lifetime use of more than 2 or more than 10 times, though women were more likely to report the last category. Reasons men and women gave for not having used FC in the prior 6 months were also suggestive. Comparing gender differences for not using FC (Table 4) , women were more likely to report barriers related to lack of support (''too expensive,'' ''no one told or showed me how to use it'') and negative experiences using FC (''had a bad experience,'' ''don't like female condom''). But men were more likely to report lack of access (''never heard of them'') and partner reasons (''partner said no''). A common concern indicated in the literature is that women's decision to use FC may be impeded by male partner refusal [31, 39, 40] . This did not appear to be a significant factor for women in this sample, but was more likely to be an issue for men. It is possible that some men's female partners had tried FC and had an unsuccessful experience with it, or that men need more skills to negotiate initial or ongoing FC use with their female partners [35] , who may be skeptical of it. Notably, neither women nor men in this sample reported unwillingness to ask a partner or partner refusal as barriers to use MC with either primary or casual partners.
These findings suggest that future intervention to promote FC should not only include men, but should also address the different needs of men and women. Couples intervention should focus on increased barrier use in general and the importance of involving male partners in efforts to increase FC use by expanding men's capacity to encourage their female partners of its benefits and to facilitate its proper use [35, 39] .
A positive association between FC use and MC use was supported by our adjusted GEE analyses. This finding suggests that many FC users may have overcome some of the common impediments to barrier method use by having previously used MC. These include discomfort introducing a barrier method to partners, negotiating it within intimate and trusting sexual relationships as well as in casual encounters, and accepting the potential interruption during the sex act to put on or insert it as well as the less than natural feel of it during intercourse. If these factors do not interfere with barrier method use in general, then the FC simply provides another option to the array of MC currently on the market, and will also likely expand as more FC models become available [41] .
Also importantly, the most common reason both men and women gave for not using FC was that they did not see a reason to use it. Explanations for this could not be determined, though it may reflect their low perceived risk of infection. However, perceived lack of need is contradicted by personal and contextual conditions of risk. These conditions suggest the benefits of programs to increase general risk awareness while offering multiple effective barrier methods to reduce it.
Perceived lack of need for FC may also be explained if participants felt that having MC was adequate or simply by very low awareness of FC. Both men and women reported that MC use was their primary means of protected sex. Yet MC use was very inconsistent. Further, the fact that being a FC user did not lower the odds of having had unprotected sex in the prior 30 days suggests that adoption and use of the product has not yet filled the sexual risk gap that still remains as a result of inconsistent MC use. The current inadequate promotion and availability and modest adoption of FC may be too limited to contribute measurably to an increase in sexual protection in this general heterosexual population. Significantly greater efforts at FC education, promotion, availability and access, and broader uptake of the product are needed to produce a marked populationlevel increase in protected sex and consequent reduction in transmission of HIV and STI. FC may never achieve the popularity of MC, but it may still have an important role for those who have a perceived need for a barrier method and want other options besides MC.
This study has several limitations. First, it uses crosssectional data; therefore, relationships among factors cannot be interpreted as causal. Second, these data are drawn from a sample of heterosexual men and women in a single city and may not be generalizable to the residents of other cities with different population compositions. Although RDS is essentially a type of snowball sampling rather than probability sampling, we attempted to maximize the sample's representativeness of heterosexual, low-income men and women in this city in several ways. We followed proper procedures for generating a respondent driven sample [42, 43] , which requires producing long waves of recruitment chains to reduce sample inter-dependence. In all annual cycles of recruitment, at least half of our 8-10 seeds produced chains that reached between 10 and 20 links from the initial recruiter, which far exceeds the minimum standard of 4-5 links [43] . This greatly minimizes the possibility of sample bias resulting from homophily within recruitment chains [23, 25, 42] . Additionally, GIS mapping of participant residences indicated that the sample was well distributed across all low-income neighborhoods of the city. Further, the demographic and socio-economic characteristics of the each year's sample and the total sample reflect those of the larger city population from which they were recruited. A third limitation to the study is that all data are based on self-report; some of the sensitive measures may be affected by social desirability or recall bias. However, we made great efforts to create a relaxed and safe environment and encouraged honest and complete responses from all participants by using carefully trained interviewers and conducting interviews in a well-known, comfortable and private community-based setting. A final limitation is the small number of participants who were identified as ''FC users'' in statistical analyses, though this may be reflective of the city and the nation given the slow advancement of FC as a prevention option. Statistical inferences related to FC use may be affected by this small number of participants and should be interpreted with caution.
Recommendations
The need for additional effective HIV/STI prevention options besides MC is clear, and FC undoubtedly could have a role in filling this gap. Findings from this study indicate that heterosexual men can be willing to use FC [35, [44] [45] [46] , although they are still being forgotten in current intervention efforts. Effective and targeted outreach to men to introduce them to FC, instruct them on how to propose it to their partners and assist them with proper insertion, as well as other supports, may help overcome barriers men have faced, and also support women's efforts to use FC more often. These findings have implications for targeted efforts to increase FC use in both heterosexual men and women for HIV/STI prevention and could be used to encourage providers to expand their efforts and change their outlook on FC promotion.
Expanded intervention to promote FC is most relevant to high risk groups (e.g., those with drug injection risk, sexual risks, abuse history). However, low perceived risk continues to impede adoption of barrier methods for protection against all types of STIs. Greater recognition of risk and emphasis on risk reduction should be the primary message for both genders, and especially for women. Men's social networks should also be mobilized in order to motivate them as FC supporters. Further, more intervention delivered to couples could reduce challenges for both men and women to introduce or use FC with primary partners [19] . This requires significantly greater efforts on the part of all providers, including primary care, HIV and STI specialists, and community health educators, to promote and support FC with as much enthusiasm, even if with fewer resources, as has been given to the promotion and demonstration of MC over the past three decades.
It is time to ''normalize'' FC in the general population in order to generate a tipping point of community awareness and recognition of the value of FC, which will benefit the highest risk members as well as the broader community. This is despite the likelihood that some potential users may have mixed feelings about it and MC may continue to dominate barrier method preferences. Nevertheless, such normalization is needed in order to make FC truly available to those individuals and couples who want or need alternatives to MC but still require or prefer barrier methods to protect against a variety of sexually transmitted diseases and also unwanted pregnancy. Further research is needed to understand better what supports are sufficient for highest risk women and men to be able to use FC correctly and consistently so that it can contribute more to reducing unprotected sex. Programs like the publically supported citywide, multilevel efforts to promote FC in Washington DC, San Francisco, Chicago, and New York [6, 40] and to incorporate it into the full spectrum of HIV/STI prevention efforts have shown significant effectiveness and cost effectiveness [41] . Such broad-based efforts contribute greatly to normalizing FC, and should be expanded and replicated in order to achieve the best use of limited resources to curb the intertwined epidemics of HIV and STIs most effectively.
